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The aim of this research is to investigate optical properties of a newly 
developed fiber-optic miniaturized Raman probe, called Ball-lens mounted fiber–optic 
Raman probe (BHRP, Fig.1). The goal of this research is to demonstrate a performance 
of BHRP for in vivo measurement of animals in a living state, and show future 
prospects of optical biopsy using BHRP. 
 In Chapter 1, I generally and experimentally disclose a scattering effect for a 
depth-resolved Raman measurement of layered scattering media. In Chapter 2, I report 
a summary of BHRP especially to a 
structure and optical properties in 
depth. Detailed optical properties 
of the miniaturized Raman probes 
changing lens materials and 
diameters are described here. In 
Chapter 3, I discuss a basic 
knowledge of a Raman sampling 
volume of a BHRP in layered model 
samples. I also showed a potency to 
extract quantitative information 
about a thickness of a subsurface 
layer by using a BHRP combined with chemometrics. In Chapter 4, I developed a 
noninvasive subsurface analytical method using multiple BHRPs. I represented a basic 
theory for explaining a relationship between spectra from embedded layer and a surface 
layer thickness of a layered transparent sample. In Chapter 5, I show an example of in 
vivo optical biopsy of a live rat using BHRP. 
These studies open up a new possibility for researches of live experimental 
animals of brain, cancer development and inflammation. 
Figure 1.  Schematic representation of in vivo Raman 
measurements using a miniaturized endoscopic Raman 
system. 
